We consider the renormalisation group flow of Higgs and Yukawa couplings within the simplest non-supersymmetric two Higgs doublet extension of the Standard Model (SM). In this model the couplings are adjusted so that the multiple point principle (MPP) assumption, which implies the existence of a large set of degenerate vacua at some high energy scale Λ, is realised. When the top quark Yukawa coupling at the scale Λ is large, the solutions of RG equations in this MPP inspired 2 Higgs Doublet Model (2HDM) converge to quasi-fixed points. We analyse the Higgs spectrum and couplings in the quasi-fixed point scenario and compute a theoretical upper bound on the lightest Higgs boson mass. When the scale Λ is low, the coupling of the SM-like Higgs scalar to the top quark can be significantly larger in the considered model than in the SM, resulting in the enhanced production of Higgs bosons at the LHC.
Introduction
A quasi-fixed point solution [1] - [2] is one of the most spectacular features of the renormalisation group (RG) equations. The existence of a quasi-fixed point implies that the solutions of the RG equations, corresponding to a range of different initial values of fundamental parameters at a high energy scale, are focused in a narrow interval in the infrared region. This allows us to get some predictions for couplings and physical observables at low energy scales. However such predictions are not always compatible with the existing experimental data. For example, within the Standard Model (SM) the quasi-fixed point solution leads to an unacceptably large mass for the top-quark which disagrees with the results of experimental measurements obtained at FNAL.
This problem can be overcome within supersymmetric (SUSY) and nonsupersymmetric two Higgs doublet extensions of the SM. The most general renormalizable scalar potential of the model involving two Higgs doublets is given by
where H n = χ In the non-supersymmetric two Higgs doublet extension of the SM (2HDM) the Higgs self-couplings λ i and the mass terms m 2 i are arbitrary parameters. In order to suppress non-diagonal flavour transitions in the 2HDM, a certain discrete Z 2 symmetry is normally imposed. This Z 2 symmetry requires the down-type quarks to couple to just one Higgs doublet, H 1 say, while the up-type quarks couple either to the same Higgs doublet H 1 (Model I) or to the second Higgs doublet H 2 (Model II) but not both [3] 1 . The custodial Z 2 symmetry forbids the mixing term m 2 3 (H † 1 H 2 ) and the Higgs self-couplings λ 6 and λ 7 . But usually a soft violation of the Z 2 symmetry by dimension-two terms is allowed, since it does not induce Higgs-mediated tree-level flavor changing neutral currents (FCNC).
At the physical minimum of the scalar potential (1) the neutral components of the 1 Due to the invariance of the Lagrangian of the 2HDM under this symmetry the leptons can only couple to one Higgs doublet as well, usually chosen to be the same as the down-type quarks.
breaking electroweak symmetry and generating masses for the bosons and fermions. In the MSSM and 2HDM of type II, the induced running t-quark mass m t is given by
where M t = 171.4 ± 2.1 GeV is the top quark pole mass [4] and
GeV is fixed by the Fermi scale, while tan β = v 2 /v 1 remains arbitrary. Because sin β can be considerably smaller than unity a phenomenologically acceptable value of m t (M t ) can be obtained even for h t (M t ) 1, which is not the case in the SM where such large values of the top quark Yukawa coupling have already been ruled out. In the MSSM a broad class of solutions of the RG equations converges to the quasi-fixed point which corresponds to tan β ≃ 1.3 − 1.8, resulting in a stringent constraint on the lightest Higgs boson mass m h 94 ± 5 GeV [5] - [6] . Such a light Higgs boson has already been excluded by LEP II data. But at large tan β = 50 − 60 the solutions of the MSSM RG equations are focused near another quasi-fixed point, which has not been ruled out by LEP measurements. The RG flow of Yukawa couplings and the particle spectrum in the vicinity of the MSSM quasi-fixed points were discussed in [6] - [7] . The quasi-fixed point scenario in the nonsupersymmetric two Higgs doublet extension of the SM was studied in [2] , [8] .
In this letter we consider the quasi-fixed point scenario within a specific two Higgs doublet model obtained from the application of the multiple point principle (MPP) to the 2HDM of type II. The MPP postulates the existence of the maximal number of phases with the same energy density allowed by a given theory [9] . Being applied to the 2HDM of type II, the multiple point principle implies the existence of a large set of degenerate vacua at some high energy scale Λ (MPP scale). To ensure that the vacua at the electroweak and MPP scales have the same vacuum energy density, λ 5 must have zero value while λ 1 (Λ), λ 2 (Λ), λ 3 (Λ) and λ 4 (Λ) obey two MPP conditions (see [10] ). Thus the MPP inspired 2HDM has less free parameters than the 2HDM of type II and therefore can be considered as a minimal non-supersymmetric two Higgs doublet extension of the SM. Also it has recently been shown that the MPP can be used to derive a softly broken custodial symmetry, which suppresses FCNC and CP violating phenomena in the 2HDM [11] .
This letter is organised as follows. In the next section we examine the RG flow of h t (µ) and λ i (µ) and determine the position of the quasi-fixed points to which the solutions of the RG equations approach when h t (Λ) 1. In section 3 the results obtained are used in an analysis of the Higgs masses and couplings. We establish an upper bound on the mass of the SM-like Higgs boson in the vicinity of the quasi-fixed point and argue that the Higgs production cross section at the LHC can be significantly larger in the considered model as compared with the SM. Our results are summarised in section 4. 
RG flow of Higgs and Yukawa couplings
where the index i varies from 1 to 3,
Here g i (µ) are the gauge couplings of U (1) 
where
. Formally a solution of this type can be obtained in the limit when Y t (Λ) is infinitely large. But in reality the convergence of the RG solutions to the quasifixed point (4) The convergence of the RG solutions to the quasi-fixed point allows us to predict h t (M t ) for each fixed value of the MPP scale. Then using Eq. (2) one can find the tan β that corresponds to the quasi-fixed point (4). Here we use the relationship between the t-quark pole (M t ) and running (m t (µ)) masses [12] 
to determine m t (M t ) within the MS scheme. We find that in the two-loop approximation Table 1 we examine the dependence of the values of h t (M t ) and tan β corresponding to the quasi-fixed point (4) on the MPP scale. From Table 1 it becomes clear that h t (M t ) varies from 1.3 to 2 when the scale Λ changes from M P l to 10 TeV. Because the quasi-fixed point solution represents the upper bound on h t (M t ), the value of tan β derived from Eq. (2) should be associated with a lower bound on tan β.
Then from Table 1 one can see that the lower limit on tan β reduces from 1.1 to 0.5, when Λ varies from M P l to 10 TeV.
It turns out that at large values of h t (Λ) 1.5, the allowed range of the Higgs selfcouplings at the MPP scale is quite narrow. Stringent constraints on λ i (Λ) come from the MPP conditions. The MPP scale vacua have small vacuum energy densities (≪ Λ 4 ), as needed to achieve the degeneracy of these vacua and the physical one, only if the Higgs self-couplings obey the MPP conditions
where λ 4 (Λ) < 0. Thus, in contrast to the 2HDM of type II, the Higgs self-couplings λ 3 (Λ) and λ 4 (Λ) in the MPP inspired two Higgs doublet extension of the SM are determined by λ 1 (Λ), λ 2 (Λ) and h t (Λ). These three parameters determine the RG flow of all the couplings in the considered model. Since λ 4 (Λ) is a real quantity, Eq. (7) 
The conditions (8) The running of gauge, Yukawa and Higgs couplings in the MPP inspired 2HDM is described by a system of RG equations, which is basically the same as in the 2HDM of type II but with λ 5 = 0. The set of one-loop RG equations for the two Higgs doublet model with exact and softly broken Z 2 symmetry can be found in [2] , [13] - [14] .
For the purposes of our RG studies it is convenient to define
The vacuum stability constraints (8) and the MPP conditions (6)- (7) confine the allowed range of R i (Λ) in the vicinity of
which is a stable fixed point of the RG equations in the gaugeless limit (g i = 0). Our numerical studies show that for Λ = M P l and Because in the MPP inspired 2HDM the R i (Λ) are confined near the fixed point (10), the corresponding solutions of the RG equations are attracted towards the invariant line that joins the stable fixed point in the gaugeless limit to the infrared stable fixed point
where all the solutions of the RG equations are concentrated when the strong gauge coupling g 3 (µ) approaches the Landau pole. As a result at the electroweak scale the solutions of the RG equations for the Higgs self-couplings are gathered in the vicinity of the quasi-fixed point, which is an intersection point of the invariant line and the Hill type effective surface [15] . Infrared fixed lines and surfaces as well as their properties were studied in detail in [16] .
In Fig.2 we examine the RG running of the λ i (µ). We set Λ equal to the Planck scale.
Different curves in Fig.2 represent different solutions of the RG equations with boundary conditions satisfying Eqs. (6)- (7) where we keep λ 1 (Λ) = λ 2 (Λ) = λ 0 . Because there is a stringent correlation between λ 0 and h t (Λ) we vary these couplings simultaneously,
i.e. each curve below the quasi-fixed point solution corresponds to a particular set of λ 0 and h t (Λ) values. From Fig.2 one can see that at low energies the solutions of the RG equations for λ 1 (µ), λ 2 (µ) and λ 3 (µ) are focused in a narrow interval near their quasifixed points. At the same time the solutions of the RG equations for λ 4 (µ) are attracted to the corresponding quasi-fixed point rather weakly.
In Table 1 we specify the values ofλ i (M t ) to which the solutions of the RG equations converge at large h t (Λ). The set ofλ i (M t ) presented in Table 1 is obtained for h determined from the MPP conditions (6)- (7). In Table 1 we present a few different sets of the Higgs self-couplings at the electroweak scale that correspond to different choices of the scale Λ between M P l and 10 TeV. The results given in Table 1 demonstrate that the absolute values ofλ i (M t ) increase as Λ approaches the electroweak scale. However the convergence of the Higgs self-couplings toλ i (M t ) becomes weaker as the interval of
In general the solutions of the RG equations for λ 1 (µ) and λ 2 (µ) are attracted to their quasi-fixed points much stronger than λ 3 (µ) and λ 4 (µ).
Higgs masses and couplings
Relying on the results of the analysis of the RG flow for the top quark Yukawa and Higgs couplings one can explore the Higgs spectrum in the MPP inspired 2HDM. The constraints on the Higgs masses in the 2HDM with unbroken Z 2 symmetry have been examined in a number of publications [14] , [17] . The theoretical restrictions on the mass of the SMlike Higgs boson within the 2HDM with softly broken Z 2 symmetry were studied in [18] .
The Higgs spectrum of the two Higgs doublet extension of the SM contains two charged and three neutral scalar states. Because in the MPP inspired 2HDM CP-invariance is preserved one of the neutral Higgs bosons is always CP-odd while two others are CP-even.
The charged and pseudoscalar Higgs states gain masses
The direct searches for the rare B-meson decays (B → X s γ) place a lower limit on the charged Higgs scalar mass in the 2HDM of type II [19] :
which is also valid in our case.
The CP-even states are mixed and form a 2 × 2 mass matrix. The diagonalisation of this matrix gives 125 GeV to 140 GeV on lowering the MPP scale from 10 10 GeV to 10 7 GeV (see Fig. 3a and Table 1 ).
Stringent constraints coming from the direct Higgs searches at LEP suggest that the spectrum of Higgs bosons should be analysed together with the Higgs couplings to the gauge bosons and quarks. Such an analysis is especially important in the LHC era, because the same couplings determine the production cross sections and branching ratios of the Higgs particles at the LHC. Following the traditional notations we define normalised Rcouplings of the neutral Higgs states to vector bosons as follows:
couplings R ZZh i and R ZAh i are given in terms of the angles α and β [21] :
where the angle α is defined as follows:
The absolute values of the R-couplings R V V h i and R ZAh i vary from zero to unity.
The couplings of the Higgs eigenstates to the top quark g tth i can also be presented as a product of the corresponding SM coupling and the R-coupling R tth i :
Since the R tth i are inversely proportional to sin β and near the quasi-fixed point tan β 1 (see Table 1 ), the values of R tth i can be substantially larger than unity.
As follows from Eqs. (12)- (17), the spectrum and couplings of the Higgs bosons in the MPP inspired 2HDM are parametrized in terms of m A , tan β and four Higgs self-couplings
. Near the quasi-fixed points the Higgs self-couplings, the top quark Yukawa coupling and tan β have already been calculated (see Table 1 ). The numerical values of these couplings depend on the MPP scale. Therefore in the quasifixed point scenario all the Higgs masses and couplings can be considered as functions of the scale Λ and pseudoscalar mass m A only.
In Fig. 3b-3d 
Conclusions
We have studied the RG flow of h t (µ) and λ i (µ), as well as the Higgs spectrum and the lightest Higgs boson mass corresponding to the quasi-fixed point scenario in the MPP inspired 2HDM (all mass parameters are given in GeV). correspond to different sets of (h t (Λ), λ 1 (Λ) = λ 2 (Λ) = λ 0 ), i.e. (2.65, 6) , (2.3, 4.5) , (1.9, 3) and (1.35, 1.5) respectively, while λ 3 (Λ) and λ 4 (Λ) are chosen so that the MPP conditions are fulfilled. 
